Objective: Renal responsiveness to the neurohypophyseal hormones, oxytocin and vasopressin, has been shown in the rat to vary during pregnancy and lactation. A study was performed to determine whether ovarian steroids could contribute to the observed changes. Design: Using a previously validated method, fluid excretion during infusion of oxytocin or vasopressin was monitored in ovariectomized animals with and without chronic administration of oestrogen and progesterone. Methods: After 14 days treatment with vehicle or 12.5 mg hydroxyprogesterone caproate and 0.25 mg oestradiol valerate injected every 3 days, rats were infused with 0.077 mol/l NaCl for an equilibration period of approximately 2.5 h. Timed urine collections for the determination of volume and electrolytes were then made during a control period of at least 45 min and for 60 min while the infusate was supplemented with vasopressin (40 fmol/min) or oxytocin (50 fmol/min). Further observations were made for a final 90 min of hypotonic saline infusion. In control infusions saline alone was given. Results: Treatment with ovarian steroids did not affect the volume of urine excreted during hormone infusion. Electrolyte excretion, however, was affected with lower concentrations of sodium and chloride on oxytocin infusion being seen in the steroid-treated animals. During vasopressin infusion, peak electrolyte concentrations were also achieved later in this group of animals.
Introduction
Pregnancy and lactation are times of major changes in hormone levels and fluid balance, with smaller changes during the menstrual and oestrous cycles. Two hormones potentially contributing to changes in fluid balance in the rat are oxytocin and arginine vasopressin. Vasopressin, the antidiuretic hormone, plays an important role in osmoregulation and the concentration of urine. Its primary, renal action is a pronounced antidiuresis, but a natriuresis has been observed (1) . Oxytocin, which is primarily involved in labour and lactation, has also been shown to elicit renal responses. In rats, administration of physiological doses of oxytocin elicits a diuresis (2) and a natriuresis (3) . Studies have shown a dependence of neurohypophyseal hormone release on gonadal steroids (4) and consequently the day of the oestrous cycle (5) and stage of gestation (6) . Renal responsiveness to vasopressin and oxytocin also varies over the oestrous cycle (7, 8) and during pregnancy and lactation (9, 10) in the rat. In order to investigate the role of sustained elevated levels of gonadal steroids, such as seen in pregnancy, in altering renal responsiveness to oxytocin and vasopressin, we performed an investigation in ovariectomized rats given combined oestrogen and progesterone replacement. Initial reports of this work have been published (11) .
Materials and methods

Animals, housing and maintenance
Female Sprague-Dawley rats (230-320 g) housed under conditions of constant temperature, humidity and lighting (12 h light:12 h darkness, lights on from 0600 h) were used throughout the studies.
Preparation of animals
Two weeks after bilateral ovariectomy under pentobarbital anaesthesia (50 mg/kg i.p.), the rats were injected with either 0.05 ml Gravibinon (12.5 mg hydroxyprogesterone caproate and 0.25 mg oestradiol valerate, Schering, Berlin, Germany) or with the vehicle every 3rd day. After at least 12 days the rats were anaesthetized again and each implanted with a jugular cannula.
Protocol
Following a minimum recovery time of 24 h the rats were placed in metabolism cages and infused with 0.077 mol/l NaCl at 150 ml/min for an equilibration period of not less than 2.5 h. Each spontaneous urination was then timed and collected for determination of volume, and sodium, potassium and chloride concentrations. After a control period of at least 45 min the infusate was supplemented with vasopressin (40 fmol/min) or oxytocin (50 fmol/min) for 60 min. Finally saline was resumed for 90 min. Control infusions of saline without added vasopressin or oxytocin were performed to determine the basal urine output and excretion of sodium, chloride and potassium during the infusions in both groups of rats. 
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Analysis
Urinary volume was determined gravimetrically and the concentrations of sodium, potassium and chloride in urine were measured by ion selective electrodes (Radiometer ABL System 625, Radiometer, Copenhagen, Denmark). Plasma hormone levels of oestrogen and progesterone of hormone-replaced (n ¼ 5) and vehicletreated (n ¼ 5) rats were measured by hard phase chemiluminesence immunoassay (Immulite: DPC Biermann GmbH, Bad Nauheim, Germany). The intra-assay coefficient of variation was 7.1% for oestrogen and 5.8% for progesterone.
Statistics
All values presented are means Ϯ S.E.M. for group sizes shown. The experimental period was divided into thirteen 15-min time blocks. The first three time blocks represented the first control period showing the basal values during the infusion of hypotonic saline. The next five time blocks showed the response to the hormone and the final time blocks showed the recovery period. Percentage urinary excretion rates on oxytocin and vasopressin supplement were determined by comparing the first control period with the next five time blocks. Variations in peak values, total urinary excretions and plasma hormone concentrations between hormone-and vehicle-treated groups as well as between infusions with and without neurohypophyseal hormone supplement were analysed using unpaired Student's t-test. Variations were considered as significant at the 5% level.
Results
Hormone replacement
Plasma concentrations of oestradiol and progesterone in the hormone-treated group (n ¼ 5) were 4.6 Ϯ 0.2 and 10.1 Ϯ 1.4 nmol/l respectively, and in the control group (n ¼ 5) 0.2 Ϯ 0.1 and 3.5 Ϯ 1.2 nmol/l (unpaired Student's t-test P < 0.05).
Control infusions
There was no significant difference in the basal urine output and electrolyte excretion during the infusion of saline only between the hormone (n ¼ 9) and the control (n ¼ 7) group. The initial urinary flow rate was 122 Ϯ 9.5 ml/min in the control group and 130 Ϯ 8.2 ml/min in the hormone-treated group, while the rates of sodium excretion were 8.5 Ϯ 0.9 and 7.6 Ϯ 0.8 mmol/min respectively. These values did not change significantly during the 3 h of saline infusion, neither did potassium or chloride excretion change.
Vasopressin
Vasopressin produced a significant antidiuresis and increased excretion of sodium and chloride in both groups of rats as shown in Fig. 1a and Fig. 2 . The vasopressin supplement had no significant effect on the excretion of potassium as compared with the control infusion of saline alone. There was no significant difference between the overall antidiuresis and excretion of sodium and chloride between the hormone-treated (n ¼ 12) and vehicle-treated (n ¼ 10) groups, although the peak value was achieved later in the hormonetreated group.
Oxytocin
Oxytocin produced a significant diuresis and increased excretion of sodium and chloride in both groups of rats. It had no influence in the control group (n ¼ 10) on the excretion of potassium compared with the control infusion of saline only. The peak values of excretion of sodium and chloride were lower in the hormone-treated group (n ¼ 10), as shown in Fig. 1b and Fig. 2 (P < 0.01). Oxytocin also produced an increase in potassium excretion in this group (Fig. 3) .
Discussion
The experiments confirmed the diuretic and natriuretic effects of oxytocin in the female rat. There were no significant differences in the urinary volume and electrolyte excretion during the infusions of saline alone between the vehicle-treated group and those animals receiving oestrogen and progesterone such that sustained elevated levels of steroid hormones were achieved. The group size employed would be large enough to achieve statistical power in this design of experiment. Although there was no significant difference in the mean diuresis and natriuresis in response to vasopressin in the control and hormone-treated group, the dynamics of the electrolyte response appeared different with the peak excretion being seen earlier in the control group. The differences between the responses of the two groups of animals was more clearly seen following oxytocin infusion when significantly lower peak values in excretion of sodium and chloride were seen after oestrogen and progesterone replacement.
This difference in electrolyte excretion on steroid treatment would mean that during pregnancy fluid balance would be less affected by increased neurohypophyseal hormone secretion, as occurs for example during parturition. The altered electrolyte response is consistent with the observation that at the end of pregnancy the natriuretic response to infusion of neurohypophyseal hormones is lower than during lactation (12) . However, steroid treatment had no effect on urine volumes produced on hormone infusion, even though altered responses are seen during pregnancy. This might reflect the fact that during pregnancy there are many different changes including alterations in the pattern of secretion of hormones other than ovarian steroids. In this study the elevated concentrations of ovarian steroids were maintained at a relatively constant level, whereas during pregnancy they would change with time and varying ratios of oestrogen to progesterone would be seen. Dissociation, following steroid treatment, of the changes in volume of urine produced during neurohypophyseal hormone infusion from electrolyte secretion is consistent with the observations during the oestrous cycle when the changes in volume excretion did not parallel those in electrolyte excretion (7) . In the present study there was an increase in potassium excretion on oxytocin infusion. Small increases in potassium excretion after administration of vasopressin (13) and oxytocin (2) were also observed in other studies, but the latter were not significant. Vasopressin and oxytocin have been postulated to play a role in kaliuresis (14) . We also observed chloride excretion to increase on neurohypophyseal hormone infusion together with sodium excretion confirming reports of other groups (15) which indicate a co-transport.
Oestrogen and progesterone could influence renal responsiveness in a variety of ways. The hormones themselves are renally active with progesterone acting as a competitive agonist at aldosterone receptors in the kidney (16) . The alterations in fluid balance could affect the neurohypophyseal system. Water restriction in rats leads to a long-term upregulation in total number of aquaporin-2 water channels in the kidney (17) , indicating an influence of changes in fluid balance on renal responsiveness to neurohypophyseal hormones. Changes in blood pressure during infusion of neurohypophyseal hormones could contribute to changes in electrolyte excretion. However, doses of oxytocin and vasopressin higher than those used as in our experiments have been shown to elicit changes in blood pressure (18) . Gonadal steroids could also affect receptor synthesis or post-receptor mechanisms. Oestrogen has been shown to affect vasopressin binding in a number of tissues (19) and could affect renal receptors. It also increases oxytocin receptor mRNA expression and density in the kidney of the rat (20) . Breton et al. (21) confirmed this induction of oxytocin receptor transcripts in the kidney of the rat after oestradiol treatment and, in addition, reported that the oxytocin receptor transcripts found are smaller than those found in the kidney under normal conditions. This would allow for altered stability of the receptors and hence altered responsiveness. While the present study has concentrated on ovarian steroids, other ovarian hormones could be involved in fluid balance and possibly altered renal responsiveness on ovariectomy. For example, administration of relaxin in late pregnant rats induces expression of Fos in the supraoptic and paraventricular nucleus of the hypo-thalamus (22) . Relaxin has also been shown to have dipsogenic effects in the rat (23) .
In summary, chronic administration of oestrogen in combination with progesterone in ovariectomized rats affects the patterns of electrolyte excretion in response to neurohypophyseal hormones, while leaving water excretion unaffected. These changes could contribute to the altered responses seen during pregnancy. 
